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ASPHALT ROOFING COMPOSITE INCLUDING 
ADHESION MODIFIER-TREATED GLASS FIBER MAT 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

This invention relates to asphalt products having enhanced tear 
strength, and more particularly, to asphalt composites including an adhesion 
modifier, preferably a polysiloxane treated, glass fiber mats which can meet 
the current ASTM D-3462 standard for tear strength required of asphalt 
roofing shingles. 

2. Description of the Prior Art 

Asphalt is a dark brown or black cementitious material comprised 
predominantly of bitumins that occur in nature or are obtained as a residue in 
the refining of petroleum. Asphalt has been used for many years for roofing 
and road-paving applications to form a water-impermeable barrier between 
the environment and an underlying surface. However, in its pure state, 
asphalt is not quite suitable as a water-impermeable barrier since it is brittle in 
freezing temperatures and fluid in hot temperatures. Accordingly, the prior art 
has modified the asphalt both in a composition aspect and in combining the 
asphalt with carriers or reinforcing materials so as to provide asphaltic 
products with the desirable properties of tear strength, flexibility, stability and 
the like. 
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Presently, the ASTM D-3462 standard for tear strength for asphaltic 
roofing composites or shingles is met by the industry by increasing the weight 
of the mat and/or asphalt in the shingle, and by modification of urea- 
formaldehyde binders used therein, both of which methods are costly to the 
manufacturer. 

Accordingly, an object of the present invention is to provide an asphalt 
roofing composite with glass fiber mats having enhanced tear strength, and 
particularly asphalt roofing shingles which can be in compliance with ASTM 
D-3462, without requiring an increase in the weight of the shingle or of 
modifying conventional binders used therein. 

SUMMARY OF THE INVENTION 

In accordance with this invention, asphalt roofing composites including 
a glass fiber mat are provided which, in the case of roofing shingles, 
preferably meet ASTM D-3462 roofing shingle standards for tear strength. 
The fiber mat is particularly characterized by including, by weight: 

about 68% to about 90% of glass fibers; about 10% to about 32% 
of an organic resin binder, such as urea-formaldehyde; and 
about 0.001% to about 20%, preferably about 0.01% to about 
10%, of an adhesion modifier, preferably a polysiloxane. 
The adhesion modifier induces fiber pull-out during tear of the 
composite and provides improved composite tear strength. 

When tested in accordance with ASTM D-3462, the shingle of this 
invention is characterized by a substantial number of pull-out fibers in the 
break area. 

This invention also encompasses a process for the preparation of such 
adhesion modifier-treated fiber mats and asphalt roofing composites 
therewith, such a process includes the conventional steps of dispersing glass 



fibers in water along with a dispersing agent, film former or thickener, and a 
surfactant to obtain a glass fiber slurry; draining the slurry on a mat-forming 
machine having a mat forming screen, such as those commercially available 
from Voith or Sandy Hill, to obtain a wet web; transferring the wet web to a 
first carrier fabric; applying a binder solution, such as urea-formaldehyde, onto 
the wet web and removing excess binder by vacuum or other means; 
transferring the wet web onto a second carrier, such as a wire carrier, carrying 
the wet web into a dryer and then into a curing oven. 

The invention process is characterized by coating the mat fibers with 
adhesion modifier during the process, suitably from an adhesion modifier 
solution or emulsion which is applied, preferably by spraying or dipping, onto 
the wet or dry mat before curing. Alternatively, the adhesion modifier solution 
may be admixed with the binder solution and applied to the wet web along 
with the binder solution, or sprayed onto the finished mat. In another 
embodiment, the adhesion modifier is applied to the fibers prior to forming the 
wet fiber web. 

Suitably the treated-mat includes, by weight, about 0.001% to about 
20%, preferably about 0.01% to about 10%, and most preferably about 
0.1-1% of an adhesion modifier, preferably a polysiloxane, and has a mass of 
about 60 to 125 g/m 2 . 

The thus-treated fiber mat then is coated on one or both sides with 
conventional asphalt or asphalt compound to form a composite roofing 
product, as in the manufacture of roofing shingles. The presence of the 
adhesion modifier in the glass mat of the shingle of this invention can provide 
an ASTM D-3462 compliant product at conventional weight and without 
requiring modification of urea-formaldehyde binder used therein. 

This invention is hereafter described with respect to a preferred 
embodiment, i.e., asphalt-impregnated glass mat treated with an adhesion 
modifier for use in shingles. However, the invention also finds utility in 
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connection with glass mat for use in other composite roofing products, e.g., 
facer products, base sheets, mod bits, cap sheets, underlayments, BUR 
products and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top plan view illustrating the tear region featuring broken 
fibers in an untreated asphalt-impregnated glass mat of the prior art. 

Figure 2 is a top plan view illustrating the tear region featuring a 
substantial number of pulled-out fibers in a treated asphalt-impregnated glass 
mat of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Materials of Construction 

Glass Fiber Mat 

The glass fiber mat used in the present invention comprises, by weight, 
about 68% to about 90% of glass fibers of suitable length and diameter. 
Typically, glass fibers having a length of about 3 mm to 130 mm and a 
diameter of about 5 to about 25 micrometers are used which can be obtained 
from commercial sources or made by techniques known in the art. 
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Glass Fiber Mat Manufacture 

The glass fibers are dispersed in water with a dispersing agent. If 
desired, lubricants and defoamers may be added to the water with dispersing 
and emulsifying agents. The mixture then is agitated well until a 
homogeneous aqueous slurry of the glass fibers is obtained. 

Next, the slurry is transferred to a mat-forming machine, and the liquid 
component is drained therefrom resulting in a wet fiber web obtained on the 
machine. The wet fiber web is then transferred to a second carrier fabric 
having interstices therein and a binder solution is applied thereto. The binder 
solution is applied to the wet web from a water solution thereof. The binder 
suitably is an organic resin such as urea-formaldehyde resin or a mixture of 
urea-formaldehyde resin and known modifiers of urea-formaldehyde resin. 
The excess of the binder solution is then removed from the wet fiber web by 
vacuum or other means and the web is transferred to a carrier wire which 
carries the web into a dryer and a curing oven. 

The glass mat contains, by weight, about 10% to about 32% of the 
organic resin binder. 

Adhesion Modifier 

Suitable adhesion modifiers for use herein include siloxanes, 
glycerides, phosphate esters of fatty acids or alcohols, fatty ammonium salts, 
saponified oils, coconut oil, amines such as polyamines, fatty amines, fatty 
amine oxides, amido amines, polyamido amines, amine substituted terpenes, 
polyamides and mixtures of the above with glycerols or glycols. A 10% 
alkoxylated aliphatic polyamine emulsion in water, and a mixture of 60-90% 
alkoxylated aliphatic polyamine and 10-40% polyalkylene glycol have also 
been successfully employed. 



Siloxanes useful in the asphalt composite of the present invention are 
generally classified as polysiloxanes and modified polymers thereof, with 
various substituents, branching and end-groups thereon, and copolymers 
thereof. 

Suitable siloxanes for use in this invention may be selected from 
among polyalkyl siloxanes, polyaryl siloxanes, polyalkylaryl siloxanes and 
polyether siloxane copolymers. Mixtures of these compounds also may be 
used. Polysiloxanes having a molecular weight of at least 600, or 
polymerized at elevated temperatures in situ, are preferred to achieve the 
enhanced tear strength of the asphalt composites herein. 

The polysiloxane may be applied in the form of a solution in water or 
isopropanol, or as an emulsion. 

The adhesion modifier can be applied to the web in several alternative 
processes. In one process, the adhesion modifier is admixed with the binder 
solution and the mixed solution is applied to the web. In another process, a 
preferred embodiment, the adhesion modifier is applied by spraying the web 
immediately after the binder application. Alternatively, the adhesion modifier 
can be applied to the dried or cured glass fiber mat. In some cases, it is 
believed that the adhesion modifier can be added to the glass fiber size during 
fiber manufacture. 

Process of Making the Asphalt Roofing Composite 

The process of making the asphalt roofing composite of the present 
invention comprises the steps of: providing an adhesion-modifier treated glass 
mat, as described above; coating the glass mat on one or both sides with a 
conventional asphalt or asphalt compound, and, optionally, roofing granules; 
and cutting the finished product into desired sizes. 
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Testing of the Composite Asphalt Product 

Tear test D-1922, as referenced in ASTM D-3462 (July 10, 1997 
edition), was used to test the tear property of glass fiber mats and shingles 
made by the present invention. 

Briefly, the test measures the force in grams required to propagate 
tearing across a film or sheeting specimen using a pendulum device. Acting 
by gravity, the pendulum swings through an arc, tearing the specimen from a 
precut slit. The specimen is held on one side by the pendulum and on the 
other side by a stationary member. The loss in energy by the pendulum is 
indicated by a pointer. The scale indication is a function of the force required 
to tear the specimen. 

The test specimens used were 3 inches in width and 2.5 inches in 

length. 

In the laboratory, the finished fiber mats were coated with an asphalt 
solution consisting of 32% w/w asphalt having 68% w/w limestone filler. The 
coating was done on a two-roller coater with the coating poured at about 
420°F onto both sides of the finished mat as it was passed vertically through 
the coater. The target weight was 56 Ib/CSF. The finished material was die 
cut into 2.5 x 3.0 inch Elmendorf Tear specimens to be tested both in machine 
direction (MD) and cross or transverse direction (CD). All specimens were 
weighed and those outside the weight limits of 56± 4 Ib/CSF were not tested. 

A control, consisting of the same specimen as the test samples, except 
not sprayed with the polysiloxane solution, was also prepared. 

The results of the testing of asphalt-coated hand sheets and of asphalt 
roofing shingles containing such treated glass mat are shown in Tables I-5 
below. 



a 



CD 

a> 

CO 
"O 

c 

X 

*a 

& 
crj 
o 
O 



■a 

0) 

-*— • 
cu 

CD 
CD 

a: 



3 



O) CO LO 
N (D W 

CO oo to 



CO 



o r- 
o 

to to 



OO CO 
CO (NJ 



03 
CO 

< 



03 



IO CO 
CM O CO 
T <«- CN 



CO 



CO 



CO 
O 



CO 

CO 



t- O) o> 

lO CO 

lO i- t- 



CM 
CO 
lO 



a> 

CO 
CO 



LO CO 
CO lO 
CNJ 



f"*- LO CO 
CM G) CO 
lO xj- 



cr 
cz 

-*— » 

CO 

1— 

CD 
0) 



c 
o 

o 



O CO 
CD CM 



0> CO S N 

U> |>- 
CM CNJ O O 



iNr^-toco^r-^-cM 

I^COOCOLOtOtOh- 
OCNIOO-«— O 



o 


o 


o 


O 


O 


O 


o 


o 


o 


o 


o 


o 


o 


o 


a> 


o 


o 


o 


o 


o 


o 


O 


O 


o 


o 


o 


o 


o 


o 


o 


o 


CO 


o 


o 


o 


o 


o 


o 


O 


O 


to 


o_ 


o 


o 


to 


CO 


CO 


CO 




0) 


o 


CO 


CO 






o" 


to" 






to" 


o" 


to" 


CO* 




oo" 


to 














CM 










^3" 










CM 







UJ 

-J 

CD 
< 



o 

CL 
O 



tu 
E 

CD 



O 
CL 

8 

a> 



tu 
E 



a> 
E 

o 

CL 

8 

a> 



f a 
I s 



tu 
E 



E 

>* 
o 



CO 
X 

o 



cu 

I 

o 

Q. 

8 



CU 

E 



V> O JO 



cu ^ 

E <d 

x E 

0 >« 

1 a 
£■ s 

E o 



E 



o 

CL 

CU 



CU 

E 



0) 

CL ^ 

8 a 

03 CD CU 

X E c 

^ £ CO 

« o o 

£ 8 I 



cu 



V/ V/ VI ■ — -j-j 

« 



CO 



CO 
X 

o 
to 
-> 
o 

CL 



cu 
E 



o 



cu 
E 



0) 
X) 

o 
E 



o 

CD 



O 
CL 



S I 

E V 

t i 

CL O 

» I 

1 t 

0 <u 
E £ 

■g cl 

x 2 

° CL 

0) cu 

1 £ 

^ o 

TO _Q 



o 

-Q 

O 
LU 

o 

o 



o 

CO 

*r 

CU 

c 

CO 



E 
b 



E 

cu o 

C3 JO 

>< >> 

"« "53 

f I 

2 § 

o « 



E 

CD 



O 

© 
E 



I 

o 



CD 

£ 



C 

CD 



_ to 



CU 

E 
■o 



-o g 

cu c 

I t 

-° CU 

S 8 

CO 



cu 
E 
>> 
o 
o_ 

8 



CU 

E 
>» 

CL 

e 

CL 

I 



o -? 



to 



CO 



£ I 

f I 

>< CL 

1 .§ 



£ o 



E 

CO 



E 
< 



* f 

o 

J= E 

0) ^ 

">» 

T3 CL 

1 I 

£ s 

x cT* 

o o 

TJ CO 

O £ 

_>» cu 

O 2 



r 



^ jc w 

O -K (0 ^* 



"D 
CU 



r 



cu 

.i ^ 1 

- I 

O X) 

CL tc: 

.£ o 

E E 



E « 
>v 

CL S 

2 cu 

Q- E 



9- 

CM -g 



cu 
E 

To 
c 
o 



cu 
c: 
to 



T3 
O 

E 



>n -i= 

.E E E 
> < < 



x^ 
o 



CO >* 

o cu 

f I 

tu cu 

E-o 

— o 

Q Q 



0 0) 

^ ."2 

1 I 

P n° 



E 
tu 

o 



to 
E 



o 
o 



5 



CD 
"O 
O 

O 



LO 

o o o 5! 
i- o o T 
CM to to O 
r- oq 

— i — i _j >- 



CL 
03 
Q 



to 

CM 
<? 
CO 

o 



CO 

< 



CM 
O 


to 


o 


TJ- 

CO 


LO 




LO 




CL 


CL 


CL 


a 




o 


o 





o 

2 CM 

ft - 

O LU 



CO 



5f CD 



CO 



075 



CO 
CM 

0i_ tl 
CD J N 

< < -J 




a 
c 



0) 

x: 
CO 

-o 
c 

CO 
X 
"O 

CO 

o 
O 

CO 

-C 

Q. 
CO 
< 

CJ 

c 
S> 
55 

i— 

CO 
CD 



m 1- CM CD 

ooooo 

^ ^ CM CO 



XT 



in 

CM 



CO CD CM xj- CM CM 

in m in cn oo oo 

CM CO CO CM t- t- 



CD 


o> 


CD 


CO 


CM 


CM 


CM 


CM 








O 











CD 
CO 
CD 



CO 
CD 
CD 



CD CD CD 

in in in 

CD CD CD 



CO 

E 

c/> 

V) 

jo 

O) 

T3 
CD 

3 
O 

c 
o 

"O 
0) 

>* 

CO 
CL 
CO 
C 

g 
jo 

E 

CD 
CO 
CO 

in 
;o 

o 
to 



CM 

LU 
—I 
CO 
< 



c 

8 

CD 
CO 



O 

m 

o 
o 
o 



CO 
O 

CO 



Tj- OO 

T- O 



o 
o" 



CD 

c 

CO 
O CD 
(O o 

^° 

CL 



O 
CD 



O 

a: 



o 

CO 



CD 



o 



CO 


CD 


CO 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CM 


CN 


CM 


CM 


CM 


CM 


CM 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CO 


CO 


CO 


CO 


CD 


CD 


CD 


a 


o 


O 


O 


O 


O 


O 


a: 


a: 


tr 




a: 


o: 


0£ 



O 

o 

O 
O 
CO 



"O 
CD 

CO 
CD 



CO 

E 

"O 

& 

CO 
CD 



CO 

l_ 

o 

-C 

T — 

1 

in 

o 
i_ 

o 



in 

CO 



CD 



CO 

E 
Q 



CO 

c 

8 

CD 
CO 

in 



O 

o 

o 

CM 
CM 

-4— < 

CO 
"O 
0) 

c5 

CD 



CO 
CD 

c 

CO 
X 

o 
jo 
>* 
sz 

•4— 

CD 

E 
o 

O 

£ 

x 
E 
l 

CJ 

c 



CO 
CO 

O 



> 

b 

■a" 
c 

E 

CD 
-C 

O 




CT 



CD 
CD 
JZ 

CO 

T3 
CZ 
CO 



03 

CD 
O 

O 
■ 

To 
jz 

Q 

3 



a 
cz 

a? 

CO 
(0 

|2 



CD 



— ' 03 



CN 


O 


CO 


in 


o 


O 






CO 


co 


CO 


CD 


o 


CO 


CO 






CM 




CN 



CO 


CO 


ID 


co 


to 


CO 




o> 


CM 


m 


CD 


in 






CO 








CN 





cu 

CD 
JZ 

CO 
T3 

cz 
co 



■o 
a) 

CO 

o 
O 

03 
JZ 

a 

CO 

< 



co 


co 


co 


CO 


CO 


co 


co 


o> 




T — 








CN 


CM 













a 

cz 

CD 

CO J= 



CO 

Hi 
—I 

m 
< 



CD 
"O 

cz 

in 



cu 
c 

CO 

X 

_g 

'to 
> 

o 

DL 

o 
o 

CO 



CL 
CO 
CO 
"O 

a> 



CD 

■4— » 

CO 

8 

cz 
cu 



CO 
"O 

cz 

. 8 

"c: o 

T3 
C 
CO 

CO 

c 



CO 
CO 

i2 



m 



CO 
CD 
CO 



CO 
CN 



LU 

-J 

CD 

< 



CO 
JZ 
Q_ 
CO 
CO 

"O 

(1) 



a) 
-«— • 

CO 

o 
o 

c 
a> 



CO 

■a 
cz 

8 

0) 

CO 



0) 


CD 


CD 


k. 


i_ 


TJ 




T3 


CD 


CD 


CZ 


CZ 


CZ 


"O 


"D 


[a 


lo 


x» 


CZ 


CZ 


CD 


CN 




1q 


jzi 


I s - 


in 


O 


o 


o 


cd 


co 


co" 




CN 


co 


co 




co 


CO 


i 

o 


i 

o 


i 

o 


CD 

■ 


CD 
i 


< 

1 


*^ 

f 


1 


2 


o 




CO 


CD 


I 


1 


CN 




cd 


CD 


CO 


O 


o 


o 


O 





CD 
C 
CO 

o-g 

gs 

o 

CL 



CD CO 

CD CD 

CN CN 

CD CD 

CD CD 



CO CO CD 

CD CD CD 

CN CN CM 

CD CD CD 

CO CD CO 



"O 

o 



CL 
CO 

-4— « 

CO 

£ 

CO 
CO 

IS 

CO 

-4— » 

CD 

o 
cz 
o 
■o 

CD 

>» 

2 

Q_ 
CO 

a? 

CD 
=S 
CO 

cz 
g 
\o 

E 

LU 



o 

o 

o 
o 

CO 
CO 

CO 
CD 
_£Z 
CD 



T3 
CD 
> 
CD 
O 

a? 

CO 
CO 
-»-» 

CO 
JZ 
CL 
CO 
CO 

"O 
CD 



"O 
CO 

o 
o 

lo 



CD 
"O 

cz 
CD 



CD 
CZ 
CO 
X 

o 

to 
_>■ 

o 

CL 

o 
.9 
to 



CD 
"O 

cz 

JZl 

CD 
CD 



CO 

E 



CO zz 

CO ^ 

CD i- 

o> £ 

o> <-> 

O CO 

XI XJ 

CD CD 

aT s 

t_ CD 

CL JZ 

CO CD 

cz 

CD £T 



E 

s 

CO 

>% 
to 

CD 

■o 



CD 

cz 

CO 

o-g 

o 

CL 



CO 
CD 
CM 
CD 
CD 



■o 

CD 
> 
'<D 
O 

2 

CO 
CO 

-4— » 

JQ CO 

_ w 

13 m 

"O "O 
■O <» 

« s 

TO £ 

^ i 
.1 * 

to *± 

£ 8 

LU _ 

co 



CJ 



0) 

O! 
CZ 

JZ 
CO 

o 

JZ 

"5 

c 

S> 

CO 

i_ 

CO 



CO 



o 

CM 
CM 



CM 

in 

LO 



m 

LU 
-J 
CD 
< 



CD 
"O 
CZ 

CD 



CD 
CZ 
CO 
X 

o 

to 
_> 

o 



o 
o 

*■*— ' 
CO 

cr 



CD 

■a 
cz 
lo 

CO 
CO 



(D 
CZ 
CO 

o-g 
o 

CL 



CD 
CO 
CM 
CO 
CD 



CO 
CD 



CO 
JZ 
CL 
CO 
CO 

o 



T3 
CD 

£ 
£ 

T3 
CZ 
CO 

CD 



CO 

CD 
CZ 

O 



CL 
W 

E 

CO 
CO 
JO 
CD 

1 

o 



CD 

5 

CL 
CO 

£ 

s 

CO 

cz 
o 

'(/) 
Z3 

E 

LU 



O 
O 



o 

JZ 

-4— « 

CO 

cz 

CO 
CO 

£ 

t— 

"S 

CO 

■a 
cz 

CO 



CO 

< 

CN 
CD 
Tf 
CO 



11 



The results in Tables 1-4 establish that the presence of a polysiloxane 
in the glass mat substantially improves the tear strength of both the dry and 
reheated asphalt-coated hand sheet; Table 5 shows a similar effect for 
asphalt shingles which include such polysiloxane-treated mat. Suitably 
asphalt shingles have a tear strength of 2207 in gf which is substantially in 
excess of the 1700 gf required by the ASTM standard of 1700 required of 
commercial asphalt-roofing shingles. 

When torn, the composite roofing products of this invention are 
characterized by a substantial number of "pull-out" fibers in the break area. 
The roofing shingle of this invention is characterized by a substantial number 
of "pull-out" fibers in the break area when tested in accordance with ASTM D- 
3462. By a substantial number of "pull-out" fibers, it is meant that at least 10, 
preferably at least 25 and more preferably at least 50 fibers can be counted in 
the break area having a "pull-out" length portion at least V* that of the average 
fiber length. 

While the mechanism of enhancing the tear strength of asphalt roofing 
shingles by application of an adhesion modifier, e.g., polysiloxane, to the 
glass fiber mat is not completely understood at present, it is believed that the 
adhesion modifier modifies the adhesion characteristics between the glass 
mat and asphalt coating. In accordance with this invention, we unexpectedly 
observe that adhesion modifier treated asphalt-impregnated glass mats 
feature a tear region in which the fibers are pulled out, not torn or broken, as 
with prior art untreated asphalt-impregnated glass mat. It is believed that this 
mechanism contributes substantially to the energy dissipation during the tear 
process. Accordingly, the tear from shingles containing adhesion modifier- 
treated glass mats reveal pulled-out fibers, rather than torn or broken fibers, 
as observed from shingles with untreated mats as depicted in Figures 1 and 
2. 
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While the invention has been described with particular reference to 
certain embodiments thereof, it will be understood that changes and 
modifications may be made which are within the spirit and scope of the 
invention. 



